The study aimed to examine age-and sex-specific associations between health literacy (HL) and healthy lifestyle characteristics. The cross-sectional study was conducted to examine a total 1348 Japanese participants (613 male and 735 female) who took the health check-up program in April 2013, at Tsumagoi Village, Japan. Information was collected by self-administered questionnaire on three communicative and two critical HL items, and healthy lifestyle characteristics listed in Breslow's seven health practices. In multivariate logistic analysis, high HL (≥18) was significantly associated with healthy lifestyle characteristics in both non-elderly (<65 years old) and elderly (≥65 years old) [Odds ratio (OR) = 1.40, 95% Confidence interval (CI) = 1.13 -1.75 for non-elderly, OR = 1.34, 95% CI = 1.02 -1.76 for elderly], as well as female participants (OR = 1.43, 95% CI = 1.06 -1.94), while the significance was borderline in male participants (OR = 1.34, 95% CI = 0.96 -1.88). Among 5 HL items, the ability to extract health-related information was significantly associated with healthy lifestyle characteristics (OR = 1.52, 95% CI = 1.11 -2.07 for non-elderly, OR = 1.55, 95% CI = 1.04 -2.30 for elderly, OR = 1.95, 95% CI = 1.28 -2.97 for female participants. HDL-C concentration in the high HL group was significantly higher than that in the low HL group. Among healthy lifestyle characteristics, proportions of smoking behavior (non-smoker), exercise fre-* Corresponding author.
Introduction
In recent decades, developed as well as developing countries have faced a dramatic increase in the number of adults suffering from non-communicable diseases (NCDs) such as diabetes, cardiovascular disease (CVD), and chronic kidney disease (CKD) [1] . Although the growing human and economic costs of NCDs have been recognized, and action plans to prevent NCDs have been outlined, the outcomes have been limited. Unhealthy lifestyles are likely to contribute to the development of NCDs, and the importance of lifestyle modification has been emphasized through advanced communication tools [2] .
Health information is important for people to understand and engage in the management of their own health status. With increasing health information available through media reports and the Internet, many health information resources are easily distributed to the general population [3] - [5] . However, adequate use of these resources depends on an individual's skill in finding and applying information about their health issues [6] . These skills have been conceptualized as health literacy (HL). Based on the World Health Organization (WHO) definition, a model of HL has been proposed that includes three levels, and assumes both individual and population benefits at each level: functional, communicative, and critical literacy [7] . Individuals with adequate HL are considered likely to adopt healthy lifestyles [8] , and a brief questionnaire was developed to easily assess HL [9] . However, only a few studies have estimated the association between HL and healthy lifestyle characteristics among Japanese people and reports that broadly include women and the elderly in rural communities are especially limited [9] [10] .
This study aimed to examine age-and sex-specific associations between HL and healthy lifestyle characteristics among a Japanese community-dwelling population using a concise, newly developed questionnaire.
Subjects and Methods

Participants
This is a study using the baseline data of a prospective cohort study carried out in Tsumagoi Village, Gunma Prefecture, Japan, from April 2013 to April 2014. In the study, baseline survey data (April 2013) was analyzed. Tsumagoi Village is located in the northern region of Gunma Prefecture, Japan, and had a population of about ten thousand in 2013. The proportion of the elderly population (in the total population) in 2013 was 25.1%.
Participants were recruited from the community-dwelling population living in Tsumagoi Village. This study was conducted as part of a local government-sponsored, multi-phasic health checkup program aimed at the general population based on the Law of Health and Medical Services for the Elderly. Of the 1450 individuals aged >30 years who took part in the program during the baseline survey period (April 2013), 1348 agreed to enroll in the study.
Variables
Body height and weight were measured in the standing position. Body mass index (BMI) was calculated based on body weight (kg) divided by height squared (m were obtained as the mean of two measurements on the upper arm after the participant had been seated for at least five minutes. We also collected information for the following lipid-related items: total cholesterol (mg/dL; TC), high-density lipoprotein-cholesterol (mg/dL; HDL-C), and triglycerides (mg/dL; TG). Low-density lipoprotein-cholesterol (mg/dL; LDL-C) was estimated using the Friedwald equation ([TC] -[HDL-C] -[TG/5]) [11] . Glycosylated hemoglobin A1c (Japanese Diabetes Society [JDS; %]) levels were determined by high-performance liquid chromatography using an automated analyzer. HbA1c (JDS %) was converted to a National Glycohemoglobin Standard Program (NGSP) equivalent value using the following formula: HbA1c (NGSP %) = 1.02 × HbA1c (JDS %) + 0.25% [12] .
We interviewed participants regarding their medical histories for atherosclerotic complications (cardiovascular or cerebrovascular diseases) and lifestyle related disorders (hypertension, dyslipidemia, diabetes mellitus). We then asked participants to complete self-administrated questionnaires, which included HL and healthy lifestyle characteristics listed in Breslow's seven health practices, such as alcohol consumption, smoking behavior, exercise frequency, obesity (BMI), sleep duration, breakfast, and snacks between meals [13] .
To evaluate HL, a validated questionnaire that included three items for communicative HL (items i -iii) and two items for critical HL (items iv -v) was used [9] . In the previous report related with the questionnaire, Cronbach's α of communicative and critical HL scales were 0.77 and 0.65 [9] . Participants may fill the questionnaire easily because the questionnaire is concisely composed with these 5 items. These items asked whether the participant would be able to i) collect health-related information from various sources, ii) extract the relevant information, iii) understand and communicate the obtained information, iv) consider the credibility of the information, and v) make decisions based on the information, specifically in the context of health-related issues. The participant rated each item on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
We defined healthy lifestyle characteristics as the following responses based on Breslow's seven health practices [13] [14] : alcohol consumption (less than one drink per day), smoking behavior (non-smoker), exercise frequency (twice or more per week), BMI (18.5 -24.9), sleep duration (7 -8 hours), breakfast (every morning), and snacks between meals (no).
Statistical Analysis
Variables are presented as mean ± standard deviation (SD) for continuous variables or prevalence (%) for categorical variables. Total HL score was dichotomized based on median score (low HL: <18, high HL: ≥18). For age-specific analysis, we defined "elderly" as being ≥65 years old. We used the t-test for continuous variables and the chi-square test or Fisher's exact test for comparisons of proportions between two groups The Dunnett method were used to analyze the correlation between total HL score and total number of healthy characteristics. To estimate the potential of HL to promote a healthy lifestyle with 6 -7 healthy characteristics, which seems the most likely to be present in even the healthiest lifestyle [14] , logistic regression analysis was performed using the following models in both age and sex categories: Model 1 was adjusted for sex in age-specific analysis or age (years old) in sex-specific analysis, total HL score (≥18 vs. <18), atherosclerotic complications (cardiovascular and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidiabetic drug use, antidyslipidemic drug use). Model 2 was adjusted for sex in age-specific analysis or age (years old) in sex-specific analysis, five HL item scores, atherosclerotic complications (cardiovascular and cerebrovascular diseases), and medical history of lifestyle-related disorders (antihypertensive drug use, antidyslipidemic drug use, antidiabetic drug use).
All statistical analyses were performed using the Statistical Package for Social Sciences version 22 (IBM SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant.
Ethics
This survey was conducted according to the Ethical Guidelines for Epidemiological Studies established by the Japanese government [15] , and the Ethics Committee of Juntendo University approved the research protocol (No. 833). We obtained informed consent from all participants. Table 1 shows basic characteristics of participants stratified by HL levels. Mean age and male proportion were 66.4 years and 48.0% in the low HL group, and 66.5 years and 43.3% in the high HL group, respectively. HDL-C concentration in the high HL group was significantly higher than in the low HL group. Among healthy lifestyle characteristics, proportions of smoking behavior (non-smoker), exercise frequency (twice or more per week), and sleep duration (7 -8 hours) were significantly higher in the high HL group than in the low HL group. In addition, the proportion of participants with 6 -7 total healthy lifestyle items was significantly higher in the high HL group. Participants with seven healthy lifestyle characteristics had significantly higher HL compared to those with five or fewer healthy lifestyle items (Figure 1) . Table 2 shows age-specific multivariate regression analyses for non-elderly and elderly participants. The results show that high HL (total scale score ≥18) was significantly associated with having 6 -7 healthy lifestyle characteristics in Model 1 among non-elderly (Odds ratio [OR] = 1.40, 95% Confidence interval [CI] = 1.13 -1.75) (Table 2(a) ) and elderly (OR = 1.34, 95% CI = 1.02 -1.76) participants (Table 2(b) ). In particular, Model 2 shows that scores of four or higher for HL items "Extracting relevant information" (OR = 1.52, 95% CI = 1.11 -2.07) and "Making decisions based on the information" (OR = 1.45, 95% CI = 1.11 -1.89) were significantly associated with healthy life characteristics among non-elderly participants (Table 2(a) ). Among elderly participants, a score of at least four on "Extracting relevant information" (OR = 1.55, 95% CI = 1.04 -2.30) was significantly associated with healthy lifestyle characteristics (Table 2(b) ). Table 3 shows sex-specific logistic regression analyses for male and female participants. High HL (≥18) showed a significant association with 6 -7 healthy lifestyle characteristics for female participants (OR = 1.43, 95% CI = 1.06 -1.94) (Table 3(b) ) and borderline significance for male participants (OR = 1.34, 95% CI = 0.96 -1.88) (Table 3(a) ). Model 2 revealed that a score of four or higher on "Extracting relevant information" was significantly associated (OR = 1.95, 95% CI = 1.28 -2.97) with healthy lifestyle characteristics among female participants (Table 3(b) ).
Results
Discussion
Analysis of cross-sectional data showed that high HL was significantly associated with healthy lifestyle characteristics, specifically non-smoker status, high exercise frequency, and adequate sleep ( Table 1) . Multivariate analyses revealed that high HL (≥18) was significantly associated with having 6 -7 healthy lifestyle characteristics in both age categories and female participants, while the significance of the association was a borderline in male participants. In addition, the ability to extract health-related information was significantly associated with a healthy lifestyle regardless of age or sex. Although several studies have examined HL characteristics of young and middle-aged participants [9] , male participants [9] , and patients with diabetes mellitus [16] , there have been a few reports that broadly include elderly and female participants. To the best of our knowledge, the present study is the first to describe age-and sex-specific HL characteristics among Japanese community-dwelling residents, and to examine associations with healthy lifestyle characteristics.
Only a few studies have examined the association between HL and health behavior [9] [17]. These reports have indicated that HL is one of the potential intermediate factors linked with health-related behavior. A study of 2,824 Australians aged 15 years or older reported that inadequate functional HL is associated with 2 -3 (OR = 1.9) and 4 or more (OR = 2.8) self-reported lifestyle risk factors [17] . A pilot study that evaluated a newly-developed, brief measurement of HL among Japanese office workers showed that people with higher HL are more likely to have regular eating patterns and exercise weekly, and to never have smoked [9] . Consistent with these reports, our results showed that participants in the high HL group were likely to be non-smokers, exercise frequently, and get adequate sleep. Furthermore, multivariate analyses showed significant associations between healthy lifestyle characteristics and high HL. Thus, the previous studies and our results indicate an association between HL and lifestyle characteristics, and emphasize the importance of improving HL for maintaining a healthy lifestyle.
We also conducted analyses among the Japanese community-dwelling population considering with age and sex. A few reports for the elderly can be found worldwide [18] , and previous Japanese studies were designed for non-elderly participants or office workers in which the proportion of females was relatively small. Populations are rapidly aging worldwide, and this is particularly true in Japan where there is an increased need to address problems associated with the aging population [19] . Thus, the elderly population must be considered for adequate health promotion in the community. Our results highlight the association between HL and lifestyle characteristics among elderly and non-elderly participants. HL was also positively associated with healthy lifestyle characteristics among female participants and the association was not observed among male participants. In the present study, female participants were likely to have better HL and healthy characteristics compared to male participants (mean of HL; 16.8 for male and 17.3 for female, mean of total healthy lifestyle characteristics; 5.1 for male and 5.5 for female). The difference among both sexes may be related with levels of HL and healthy lifestyle characteristics at baseline. This study has several limitations. First, there may have been selection bias, as study participants were recruited from those who participated in a multi-phasic health checkup program at a single Japanese village. These participants may have had higher health awareness compared to non-participants. Large scale studies that include several regions including more non-participants will be needed in the future. Second, HL and lifestyle characteristics were measured based on self-reported questionnaires. It is possible that these participants may report better own HL and healthy lifestyles than these are. This may have resulted in over-estimation of HL and health characteristics. Third, given the cross-sectional design, we could not determine whether there was a causal relationship between HL and healthy lifestyle characteristics. A longitudinal study will be needed to address this issue. Fourth, while the information collected from participants contained a comprehensive set of clinical variables, it cannot be denied that some important factors, especially educational status, were not measured. The inclusion of additional factors in the multivariate analysis might have produced different results.
Conclusion
The present study revealed a positive association between HL and healthy lifestyle characteristics among community-dwelling participants, which suggests that people are likely to engage in health-promoting behaviors based on access and ability to understand medical information. Our results underscore the importance of comprehensive assessment, including HL, for health promotion in the community.
